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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject 
polymer having narrow molecular weight distribution and 
capable of exhibiting excellent mechanical 
characteristics, processability and abrasion resistance 
by polymerizing a conjugated diene-based compound by 
using a catalyst system in which specific components are 
combined. 

SOLUTION: (A) A conjugated diene-based compound is 
polymerized by using (B) a catalyst consisting 
essentially of (i) a rare earth element-containing 



compound having 57-71 atomic number of the periodic 
table or a reaction compound of these compounds with a 
Lewis base, (ii) alumoxane, (iii) an organoaluminum 
compound of the formula AIR 1 R 2 R 3 (R 1 to R 2 are each a 
1-1 0C hydrocarbon group or H; R 3 is a 1-1 0C 
hydrocarbon group) and (iv) a silicon halide compound 
and/or a halogenated organosilicon compound to provide 
the objective conjugated diene-based polymer. The active 
terminal of the resultant polymer is successively 
reacted (or modified) with a specific compound to form 
the objective polymer in which moiecular weight of the 
polymer is increased or polymer chain is branched. 
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14, U < I* 1 0-1 0 0, 3&£#*l,<ttl 5~ 

9 ogxsht?**.. i o*»t»j*, tm^kowmm 

»* L < tt 1 0 3?~ .1 0 Q U , 5 5$ffr?tt|fcR 

©jKu v- & y , -ji5o 3? : fe8*.$ tiitrtt^ 
y, p-;Hvi;wiy -T-co^y^c h^tfi&toc 
a^ofey, iB^rTA^aic^y^Wjaziys 

too34] Btt^**^s;x>*wrfi*t. £»c 

J: y 0IR*-* 3 1 T'£ -5. 
[0 0 3 5] *»WTI4, r©J:5K:LT*±Sl7£*{b 

Me, .#6n&^y.y.r-®?siS5iaiBJc» #j£©fb-&®& 

[0 0 3 6] ;*:|SWj£feV>t, J#yy-(Qf8tt*SBfciR 

fss-es (e) /n n vyjtmmMit&®j& tc\p\u>f 

2/<tttiJ^64titt. .TIE* (IlI)T^StiS„ 

R* i M' X,., . M' X, *&ttM' X, 

■ ; 1 "■• • • (III) 

(5£ffc R4 Jij^gc 1 ~ 2 o cpj^miS^Sr^r^Mb* 

Itt-ltV >m*> X 14A D >7*>^ n 14 0 ~ 3 
) 

±135* (III)*, M' tfxXm*om£lZ\t> (e) J* 

m« h y 7i-hx^ □ y k, h y ^ 
a y k, b y <y tf;i/*x* a y k, h 
y ^S^xX* n y K, h y **f7l/XX* □ y k, 
n i) K, iW;i/*xe/? a y k, 
Vf*\*t/ftx.x*J>} a y k, &*9*-frz>xt>9 u y 
K, 7i_;i/'7,XF y * n y k, -ff-jvkk h y * n y 

6*is. ; 

[0 0 3 7] ±f25£ (in)*, M' iVr^mm- 
©#£IC 14, ( e ) Ad- 1 14, 00*. tf h y 7 x x;i/ 
^DDi/7X h')A*t/MDD^>, by***- 
;i/^DD^>, hij7"fWDDJ/5X MJ**yb 
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dd^x ^•^^■;i/hy^aai/7>, y^;i/hy? 

[00 3 8] 36K, ±fB5£.(IIJ)*, M' 
9AK*®»#»C»i, (e) ^ilLTl4, WLtf>'J 

io ^^.n-.y .K, i/7i^;i/^;i'y-'7/i 1 s;i? □ y k, ^ 
)W)\>-?-r>i± h y ^ a y K, lzg^by;^vx»7Afti:• 
*we>ti5$e>(c, ^ an)*, M'.#y 

^IC14, (e) fi^t.L/Tt*, mtf3ttfby>fc£# 
#Jf 6*1*. . 

[00 3 9] ^fe, *5Wi»CfeV^T.. (eJ.j^fcL 
T, TIB^ (IV) T'^Stv^xx^l^, *fe(4TIB 
5*S (V) T'^$ti€>*;i/^-;u»&^*tc^fe%a 

R4 n M' (-R5 -COOR6 ) 4 _ n . . . (IV) 
20 R4 „ M' (-R5 -C.OR6 ) 4 _ n . • • • (V) 
(^*, R* ~R5 l4|^-*Jicl4Mfty, ^K(l~2 
0 ©^M^^-^^b*^ R6 Itimm. 1-20 
©^K-f :Sr^tf^Kb*^ST?ii y^|jp»c*^3}f^i/ 
fc^x^^l^^^T-V^T^i < ,.,M', tt^XM 

^ ;: ^^^ v ^;by-i?^js^*fei4'y ^^,„ x 
in&© (e) miL .tm<?ii^-ewmLT*>^\ 

[0 04 0] .tfVV-<Df&£mkK]&Zliz> (f ) /s 
rD^AUMfc^iH TIB^S, (VI) 7?Ws*>*«S3t 
30 Sr^tS-fb^feT'fe-S. > 
Y=C = Z^:. .... • (VI) 

r.dT*, (f ) ^9-©e>^, [yppmsfr* zmmm 

y, Ytf?y$m*. ztfj*vM.?iDm&. 
40 $/7*-Mb£*n?»y, Yfeitfz^fctijc^vJWR 

t> tcS^M-?©^, ^HW.tJ»Tf » y , Y M 
3\ Zy&w^-^M-?-©^, BSWb*^!j?-;b7f&y. y 
fejc^z*^*^^^^©^, =mc&my& 

•5.. L*»L*««6,. (f) ^14,' ^.n^CDm^-hit 
tcPS^3^*©T*l4ftv^ 

[0041] z©e>i, ^Mb^tbTl*, Wttf 
xfMfx -li-frtTT-y* 7i-Mf>, h;i/-f 

50 14, M^.«x^l/>^^'7-5 1 >, ■f^JV^Tf^r'ry. 7 



(8) 
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V5/7:*— K 2, 4-VV\s>*MVi/7l— K 
2, 6-h>J U>2Myy77— h ^7iiW^ 

sm v s/t^— k #y * y y * * *r y©s?7 xx;k* 
hi^Wb^. v s/7^- Mb£*fc br 

tt» «*«7xi^*-fVS/7^— K 2, 4-hU 
l/>t^-*>fVS/7-*— K 's*#**-l/>i***-ry 
5/7*- h&^aWfeft*. */l/aKSM S Ffb£»fc 

N, N' -x^;y^;i/#tMS F&^aWkftS. 
[0 0 4 2] tfV^-(Dm®z&®£BJ&2-£2> (g) ^ 
*n3«iMfc£4M*, TfBsS (vii) n&zivbmk 

[0 0 4 3] 

Mbs] 

c 



V 



(VII) 



10 



[0 0 4 4] (3**. Y' I*. 20 
Z1Z1T\ (g) •*=», MAtfY' S^M^O 

■fb-^T-feSo zz.x\ xjj«FMb£ttfcbTtt. MA. 
tfx^yrvjf^y F, zfuXl'Z'ttZ'K i/9w\*r 
t^i'K, ^1/>**J/K, x^Mb^Stfi, 
iiK=*Mb^:JAfct*a^tfk*i5. x^krv 
ysyg§ji#i:l/Cli, 7ntf 
N-7i-;HfUW5X N— (/3 — 

^^y; :?xx;i^y^:v&£awe>*vs. 

[0 0 4 5] #V^-<D?m3&&£.lxfo2-&£> (h) A 

□yyft'fyto^ TfE5$ (viiDt^ 

S*lS^g?:^-t-5-fb-^feT*S)So 

-N=C-X®£' ••(VIII) 
I 

(h) wfyiMvisrsit-smtLTit, #1x1*2 40 
-T^y-6-^nni^yby, 2, s-^Tti^y 
£?X 4-^aa-2-7xx;i/^yij>, 2, 4, 
5- hyya*E-f $*V->u 8,'6-y^on-4- 
**-;i/£y*rs;y, 3, 4, 5-hy^an^y^s? 
x 4-7^ ;-6-*DD-2-;*;k*y , hbriUi/ 

X 2-7^-4-?PD-6-*3 L M^yS^y> 
-2, h*$/hfy3 5», 2-*no£U5S>- 

y, 2, 4-i>^an-6-^^-;i/t:u^^ys 4, 6 

-V9UU-2- (tJ-JVT*) e»J5J?>, 2, 4, 50 
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5, 5 5>2/, 2, 4, 

DDtry$i?y, 2-7$y-6-i'DDfc^yy, 

2, 6-yi7DD^5^y, 2, 4-t^* (*^;i/f- 
#) -e-^nn-i, 3, 5-hV7V>* 2, 4, 
B-hu^an-i, 3, 5-hU7S>*y, 2-yD^ 
-5-r.hnf7i/-;k 2-^na^yy^-7y- 
m 2-9uu*yv**w-frt&Zim\ibfts>. 
[0046] ^uv-org'iimss^H^-es (i) * 
;w<y^ ^□yyfcfe x7.f;Ht^«, ^®x^ 

^Mb^«*fel«M«*ttJ*, TiB^S (VIV) ~ (X 
I V) T-&Zft&W&*:m-t&fc&WVlb&. 



R7 - (COOH) n 
R8 (COX) m 
R9 - (COO-RlO) 
RH-OCOO-R12 
Rl3- (COOCO-R14) m 
[0 04 7] 

Mb9] 



CO 



(VIV) 
(X) 
(XI) 
(XI I) 
(XI I I) 



(X 1 V) 



[0 0 4 8] (5fc#, R7 ~Rl5{i|fa-5fcfeliJ|fc»j, 
1-50 ®Jii^?&^0Hb*ftK. Xtt/\n 

fyWfr* m«i~5©M5a?fes„ ) • 
z.zlt% (D j*#©e>*>, 5$ (V I V) mztiztiju 
^yWttvxit, mxasmu x^rvym. 7V\zy 

Wu ?* y y 7 # rU7^ ;uif, h y ;* y 

[0049] (x) -c^snssf Nay^t^i: bt 
ttu «*.HM**nyK, 7ntf:*>at*ny F, 7* 
>»>a'JK, y y7*y»*ny F, ^^^yif^a 
■JK, T^'J^D'JF, £IHMk*ayK. 7.f7 
y □ u K> 7 ^;i^f^ □ y k, v i/-f a y 
K, my^ouR ay-fb7-fe^;k a^-fb^ 
yMjw yyitTttfo 7vib'<y*Mn,t*zim 

[0 0 5 0] 3* (xi) T*^StiSx^T-;Wb-^*i: L 
Ti*, ^Jx.iS@^x^;k x-^7 'J >®x^;k 7^>'^ 
y^yx^yk vyy^^x^k sfc*«»^^ 
7^y;i®x^;K ^^7^ UAttx^At, -?%)\m.y 
x^;k fU7*;n»^f^. hy^y>>h®Kyy 

*f y x^;i/7d7 y y- 3}<y >f y -7?-)W9 y y- h 
& ^(xii) -e^stis^fx^^Wb 



(9) 
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Xat^Xy®, jfeMygm *S*-fVOT». ^tk^ 

7*>m. «sm ***>r&Bto&£<05$ (xi 

Bft. iHt*S/h53>M, te&7*M)L *f uy-*fcl< 

vyw>tt#fi#flu&£©3s (xiv) T?*an*^?- 

CO 0 5 1 ] &£. ( i ) J*»UWfc<ft£*M*, *» 
»C «*.tfx-^/Hfc 3i7$yl^ £CD&Xa h > 

(i) lWat'WS'tt, &SW*2 

«^&»6l/tJlV*&£fc$>Ta*6. S&C (i) 

& 7xs-)i&&<^timzmmt.Lxf;p*)<D 

[0 0 5 2] JKU^-CDtSIS^fciRfSS-eS (j) * 
>l/#>l&©&»tttt. Tf2^ (XV) ~ (XV II) T? 

R", M' (OCOR") «-, • • • (XV) 
R", M" (OCO-R"-COOR") 

• • • (XVI) 

[0 0 5 3] 
Mbl 0] 



M" 



(XVI I) 



[0 0 5 4] G*#." Rl6~R22»ra-*fe»**&y» 
J^|g( 1-20 (D^lS^&^^bTK^ M" tt* 
XH^ Mmffrttd&Vnn-Vbtifr. 1 l*0~ 

[0 0 5 5] ddT% ( j ) J&fcWfe. ±fB5£ (X 
V) -eftSftSftettfcl/ai. MtUZhV7x-)lX 

X^y u- k b U 7i-MX- 2 -xf ;i//v*-y-f 
-K h')7i-MXt7T-K hyyxi;i/7.X 
7-fe-r-k b'J7i-;WX7^'J U-K h'J-n 
-Xf ;i/*X^yy-k hy-n— Xf7l/XX-2- 
xf;i//\#tf- k h U - n -Xf ;io*Xf 7f - 
k hy-n-Xf ->l':*X71Zf-k h'J-n-Xf 

;i/*X7* U i/- k h U - 1 -Xf ;i/7.X5y y- 
k hy-t-Xf;b*X-2-xf;u/\*-y-f-k 
MJ-t-Xf;b*Xf 7f- k hy-t-Xf;i/x 
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20 



30 



40 



50 
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X7izf-k h'J-t— :/f;i/*X7#y U-k b 

u -r v Xf ;i/*X5 •> i/- k h y -f y Xf ;i/*x- 2 

-Xf ^^f-tf-f - k h '.M V7"fMXt7f- 
k h'J>fyyf;i/:*X7izf-k MJ^V^H 
X7^yW'-k hV4V?U\£j\/XX9Qi/-K h 
y^yXa£;i/;*X-2-xf;i/'v*^-k hU-f 
y Xa fcf;u*xx 7f - k h y y Xd ^;i/*X7iz 
f-k hiMyXntf;i/^X7i"J U-k h'J^ 
y;i/*X59U-k hyv*y;i>;*x-2-xf 
*Xf-k hyv*y;i/*X7izf-k MJ'vfrJ' 
;i/*X7*y U-k h'J^f ;v:*X5yy-k h 

y^i'f ^x- 2 - if M k hy;*?f 

;i/*Xf7f-k MJ#*f;i/*X71Zf-k hU 

;fr£f ;i/*X7£ y i/- k h y - 2 -x-f-;i//\dp>y;i/ 
XX^yiz-k MJ-2-xf jl^i/frXX-Z- 
ifM^tf- k h 'J - 2 -if ;W\*y;i/;*Xf 
yf - k h 'J - 2 -lf;i/A^i/MX7tf- k 

h y - 2 - xf;^Jf S/;i/xX7 * U u- k h'Jxf 

7';;K*X5yy-k h'J^f7U;wX-2-if 

^^•y-f - k huxf7y;i/xxx7f-h, hu 
xf7y;^X7-fe-f— k h y^f-7'j;^X7^ y 

W-k hy<>y>;*Xf yy-k hV'OVA'X 
X- 2 -if ;b^\dp-9-f - k h y /<>^Xr 7f 
-k h 'J^y SM>:*X7izf-k hy-^yN/XX 
7^yi^-k ^7x1^X^571'- k *Jyx.— 
)VXX- 2 -ifM^ff- k y7xi;WXi?7, 
f7U-k i/'7i-WX^t7f- k is7jL-)l 
xxy7-tef-k i?7xx;i/XXS?7^ U \y- k i>' 

- n -Xf AaXS?5 >> h, £?- n -Xf ;i/^XS? 

- 2 -ifilA^rff- i/- n -Xf ;i/^.Xi>'7.f 
71/-.k ^-n-Xf ;i/^.X^f 7f-k S?-n- 

Xf ;i/^xs?7-tf - h> y- n -Xf ;i/^xy7^ y 
i^-h, -y-t-Xf;i/^x^f yi^-h, y- t-x 
f wxy- 2 -xf ;i/^N^-y-f - h, y- 1 - Xf )v 
^xy^f 7 u- h> y- 1 -Xf ;i/*xyx yf - 
k y-t-Xf;b7>xy7-fef-h, y-t-Xf;i/ 
7>x*jt9 y y- k y-f yxf ;b^xy 5 y u- h, 
y-r y Xf ;i/^xy- 2 -xf ;i//\*-b-f - y-r y 
Xf ;i/^xy^f xi/- h> yw yxf ;i/^xyx yf 
-k y>f yXf ;i/^xy7-fef - k y-r yxf;^ 
xy7 z y i/- hs y^f y xn tr^x^y^ ou-k 
VA v Xd t:;j/^x-^ -xf ;w\*-y-f - y> y 
y d £;i/i*xy;*f 7 u- y-f y Xn f ;i/7>xyf 
yf-k y-f yxatf;i/^xy7-tf-k y>fvx 
a f;i/7.xy7^ y u- k y^y;i/xxy'f y y- 
k y^y;i/xxy-2-xf;i/^-^f-h, yx 
^py;i/^xy^f 7u- k ^*'^xw-7f- 
h, y^y;i/^xy7-fef-h, v*&t/n/*xvr 
V y i/- h, y- 2 -xf ;wvJf i/;^xy5 y b- 

k y- 2 -lfM*J/^XX- 2 -IfM^ftf 
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- K i>'-2-x^;i/^i/;i/^Xt>*^-r7l/- k V 

- 2 -x.?-)i>'\*i/)ixXi/j-7 : r- k V- 2 -xf- 
;W\dpi/;i/XXS?7iZT~ h 2-x&A*\*?S/fr 

xxs?7*yi/-K tar^wi/xxy^f u-K y 

3f**/l/xX8>- 2 -x^;i//\df-y-r— K 

xxvxt-tv-y. yt^f ;wxj;t7f - K t>' 

- k y^ru^x^^iz-K y^ru/i/x 

Xt>- 2 -X-3VWVJHJ-X- k ^f7 U ;i/7>X£>'X 
f7U-K ^f7'J;WXi^7f-h, y^-rr 10 

y ^x^T-fe-r— k ^f7 y ;i/*xs>7 * u u- 

2 -x^l/'sdp-y-T— k VKyV^xXVX^ry ls- 

-fe-r— k ^>b^xs?7^y u-K 7i-;w 

-y-r— k 7i-;^Xh'jt7f-K 7i-;wx 
h y T-fe-r— K 7x=yi/J*XMJ7*Dl/-K n- 
X^XXhy^SW-k n-yf;wxhu-2- 
x^l/^-y-T 1 - K n-XfvH/^XhyX^-k 20 
n-7*^WXh';7tf-K n-/f;WXh'J7 
4r»Jl/-K t-X^I/^XMJ^fU-k t-Xf- 
;«Xh y - 2 -xf^ws^f-y-r— k t -X^-JlxX 
k t-Xf;i/xXhD7-fef-k t- 
x^i^xhux^y u-k -rvx^i/^xhu^tf 
u-k ^ V7f h 'J - 2 -zf ;i/A^tf- 
k -rvx^i/^xhux^x-k -fv^/i/xxh 

U7tf-K "f Vff-JbXX hVT9V \s— k -TV 
XDhr;t/xXkJ7'7i'-k ^fy^Dhf;i/^XhU- 
2-x^;i//\^r-y-r-k ■<yXntf;i/XXhy-^7'T- 30 
-k ^vxatf^xhyT-fe-r-h, -<vxd^;i/ 
xxhur^yiz-k ^2/;i/^xhy9»>i/-k 

^ iWl/XX h y - 2 -x^;i//\dr-y-x- k 
jz.XhUX^x-k ^S/;i/^XhU7-fe-r-k ^ 
=*S/;iaXh»J7*l> U-k rt^^XXhy^Sl/ 
-k ;^Xh u - 2 -if ;i/^tf - h, * 
*f;i/*XhyX:7f~k t^f^7.Xh'J7tf- 
k *t?*?l>xXhV79Vl'-K 2-ifM*i/ 
;K*Xh y 1/- k 2-x^/\dp^;i/xX h y - 
2-x^;wv*-y-7— k 2-x5 L ;i//\dft/;i/^Xhy 40 
t7f- k 2 -x^-^y\*S//bxX h y 7-fe-f— k 
2 -x^;w\* S/;i/*X h y 7^ y u- k x^-7 u ;i/ 
xxhy^u-k 7f7'j;i/^Xh'j-2-if;i/ 
^^7— k 7.x7y;^xi>y^-7T— k ^f7 

U ;bxX h y 7izx- k 7r7 V )\>XX hU74"J U 
-k OS^l/XXMJ^tfU-k "OSW-XXhU 

- 2 -x^;wv*-9"f - k 'OS^n/XX h 'J t7r- 
k /Oi>Vl/^XhU7l2x-k ^>^;i/7.Xh'J7 

*y u-hJ&if*we>ns. 

[0 0 5 6] ±fE5£ (XVI) T**S*l6fli£4fe 50 
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turn mti^^xx^xtf^^^^Tiz-h, 

i>'7xx;b7.XhT7!>-2-x^;i//\^-9-7 : ---k 
x^Xt^U-^^l/VU-k i^7iz;w7Y7t 
Jf^/VWK y7xz;wx^X>y;i/7l/- 
k y-n-7"f ;^X^^f h, S?-n- 

XfVl/XXt^*- 2 -xf-A^ip+hf-- k 
^l/XXeT.^^^bVl/- k *J-Ti-'f*fr7M 

xKyy)V? u- k v- 1 -Xf ;b*XiiX;*f-;i/v 
u- k v- 1 -y^;i/^xtrx- 2 -x^v^-y-f 

- k 1 - 7*f wx^ti'^v u- h, 
t - x^i/* xtf* * > y;i/v u- h , sm v Xf- 

X^plf I/- k SM V Xf-Jl'XXVx- 2 -x 

f^/^i?-?— k s?-f v^^/xx^x*^^vi/ 

- k vx^xxifx'OSM/v u- k sm v 
Xd tr;i/^x^^^;i/v u- k sm vXd tr;i/^x 

tT^.- 2 -xf;i/A3rtf- h> V-i VXD l^;i/7.Xt^ 

s?>r yxntr;bxxtr7.'<>y;i/ 

i/;i/^Xtfx- 2 -x^Wsapy-r- ^^ri/;)/^ 
X»^x^-d7^;i/vP- k *J^*y)^XX\fX^.yVA/ 
v I/- h, V- 2 -x^;i/^^ri/;i/^xtr^^f-;i/v 

- k V-2 -3L7-J\,s\*ri/;\,xX\lX- 2 -xf;K 
=¥-tf-r~k ^-2-x^;i/^i/;i/^X^X^-i'5 L ;i/ 
V 1/- h, £?- 2 -x^^^^ri/^Xhf^'O^l/V 
U-k ^^f;i/^Xtf^ii^;i/vl/-h, v-xv^ 
JlxXVx- 2 -x^;i//\dp-y-T-- Vit^^^X 
¥7.*>??-)V?\s-h, V^if^-^X^KyV)^ 
u-k yxf 7U;i/7xX^^f ;i/vi/- h, y^r- 
7 y ;i/xx^- 2 -x^;wvif -y--r- y^f-7 'J 

;b*Xb^;fr??-;i/vl/-k yx^y^X^Tt.^ 

^>y;i/XXtfx- 2 -x^;i//\3f-y-? - h, ^> 

>^vl/-K i>^xx;bxXtr^^f;i/7^'-f- 
k y? x.-)\sxx¥t.- 2 -x^;i//\ap-y-T-- 

IfX'O^TS^-K V-n—Xf-^X^^f- 

v-n—ff- ;i/^.xtr^-2-x^;i//\ 
^■y-x-h, y-n-x^ ;i/^x^*^^;i/7^x- 

y-n-y^xXlfX'<>^7S?5 t -k 
t-Xf-;i/^X^^^;i/7^x-h> V-t-1*J\t 
xXVx- 2 -x^;i/^dp-y-r- k i?- 1 —ff)\/x 
XXX*>;?-)\,7*J7—Y. y-t—xmxXVX'i 

- k t>w v Xf xvt. - 2 - x^;i//\dp-y-f— 
h, ^yXf;i/^x^^^^;i/7^x-h, *Mv 
-X^xx^x^yVj^yyT—Y, vwxwfrx 

X\l7.*=f-)W f J7— h, y-f VXD^;i/^X^- 2 

;b7i>'x- h, *M VXD tr;b^x^'<>y;i/7t>'7 1 



(11) 
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;i/*xtf'x- 2 -x^w^-y-T— k s^v*$/;i/XX 

^**^7^x- k yv*i//PXXl£*'<>5?;i/7- 
i>'7=— k S/-2-x^;wv*^;b;*X^;*;*f ;b7^' 
t=— k 2 -tt)\,<\*i/)\/XX\£7>- 2 -x^Vi/ 
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